Background Accurate and up to date data on changes in poisoning incidence among young people are lacking. Recent linkage of UK primary care, hospital and mortality data allows these to be quantified to inform service delivery. Patterns differed markedly by intent. Intentional poisoning rates increased by 52% while unintentional rates remained unchanged. Intentional rates increased almost exclusively among females, gradually between 1998/99 and 2013/14 among 16-18 (88% increase) and 19-24 (36% increase) year olds but only increased among 10-15 year olds in the last 2 years (79% increase). A 2-fold increased risk of poisoning for the most compared to least deprived quintile existed (aIRR 2.21, 95% CI: 2.02-2.23) and remained over time.
Introduction
Poisonings remain one of the leading causes of death among young people across Europe and North America, encompassing both unintentional and self-harm events. 1, 2 In more recent years, medically attended poisonings among preschool children have reduced, 3, 4 but those among adolescents appear to have increased. 5 The existing literature examining poisoning time trends among young people is, however, either out of date or based on single data sources. [5] [6] [7] [8] We previously reported poisoning incidence rates (IRs) amongst 0-24 year olds from 1998 to 2011 using a large primary care data set linked to hospitalization data and found strong socio-economic gradients in all age groups. However, time trends or social gradients were not explored by poisoning intent. 9 We also reported poisoning incidence in 10-17 year olds between 1992 and 2012 using primary care data alone. We found intentional poisoning incidence increased with age up to 17 years, increased over time and strong socio-economic gradients. 5 As primary care records are likely to underestimate self-harm events by up to 30%, 10 this study uses a large primary care data set linked to hospitalization and mortality data. Given that self-harm incidence may increase beyond age 17 into early adulthood, 11, 12 we also present analyses covering a wider age range, using more contemporaneous data, reporting variations in poisoning incidence by age, sex, intent, deprivation and time trends that would be useful for informing planning and delivery of poison prevention and treatment services.
Methods

Study population
In the UK, 98% of the population is registered with a general practitioner (GP) 13 and primary care records contain information on all health care utilization. Information on emergency department (ED), outpatient clinic attendances and hospitalizations is provided to GPs for recording in the electronic record alongside all primary care consultations.
Data were obtained from CPRD, a database of routinely collected primary care data from 674 UK general practices. A subset of 395 practices within England have primary care data linked to hospitalization data from Hospital Episode Statistics (HES) and Office for National Statistics (ONS) mortality data. Using these linked sources substantially improves capture of poisoning episodes compared to using CPRD or HES data alone. 10, 14 The study population was an open cohort capturing the CPRD registered population, with linked HES and ONS data available and aged 10-24 years between 1 April 1998 and 31 March 2014. Participants entered the cohort on the latest of: their 10th birthday, registration date with the practice, date the practice reached the CPRD defined data quality standard for completeness or first date of data collection from the practice within the study period. They exited the cohort at the earliest of: their 25th birthday, death, date they left the practice or last day of data collection from the practice within the study period (Fig. 1 ).
Outcome events
The study outcome was any poisoning event occurring between participants' entry and exit from the cohort and recorded within at least one of the data sources. Poisoning events were defined according to ICD-10 categories T36-65, X40-49, X60-69, Y10-19 and Y90-91 and identified using comprehensive ICD-10 (HES and ONS data) and Read (CPRD) code lists. We excluded iatrogenic, venomous animal and food poisonings. We also included one Office of Population Censuses and Surveys Classification of Interventions and Procedures version 4 (OPCS-4) code indicating a poisoning. Within the mortality data, only poisonings recorded as the primary cause of death were included. Code lists are provided in Supplementary Table S4 .
We categorized poisonings as intentional, unintentional or undifferentiated intent based on the code for each event providing most detail about intent. Where codes explicitly described intent using the words 'deliberate', 'intentional', 'suicide', 'self-inflicted' or 'self-poisoning' (intentional) or 'accidental' (unintentional), then they were classified as such. 
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The Read code 'SL…15 Overdose of Drug' has previously been shown to be likely to indicate a definite self-harm event. 10 Based on this, Read codes including 'overdose' were classified as intentional, unless otherwise specified (see Supplementary Table S4 ). All remaining codes, recording undetermined or unknown intent or with no intent specified, were classified as undifferentiated. Events with both intentional and unintentional codes were classified as undifferentiated intent. Results from undifferentiated cases have been included in the total poisonings but not reported separately. Repeat poisonings in the same individual were included. We used an algorithm based on our previous work to exclude repeat codes likely to record the same event, including duplicate recording in the different databases. 14 
Statistical analysis
IRs per 100 000 person-years (PY) and 95% confidence intervals (95% CI) were calculated for each poisoning intent by sex, age, socio-economic deprivation (using quintiles of the Index of Multiple Deprivation 2010 (IMD) for England 15 ), geographical area (administrative strategic health authority area) and calendar year. Age and year were assessed as time-varying covariates by Lexis expansion. IMD is a composite deprivation measure based on housing, employment, income, access to services, education and skills, crime and living environment and was provided by CPRD, at a lower super output area level, typically around 650 households, based on the postcode of the practice.
Incidence rate ratios (IRRs), adjusted for available confounders, were calculated using negative binomial regression due to over-dispersion of poisoning events. Separate multivariable models were built for total poisonings and for each poisoning intent using a backward elimination method, based on likelihood ratio tests (LRTs) with a P-value of <0.05. Sex was included in all models a priori. All variables significant (P < 0.05) on univariate analysis were included in the full model. Variables were removed in order of least significance first. Once no more variables could be removed, those already removed were re-entered into the model and significant variables retained. Models were assessed for collinearity between age and year based on the variance inflation factor.
On the basis of existing evidence and theoretical plausibility, interactions between sex and age, 11 time period and sex, 11 time and age 16 plus time and socio-economic deprivation were assessed using LRTs comparing models with and without interaction terms (P < 0.01), with stratified IRs presented where interactions were significant. Data were analysed using StataSE version 12.
Sensitivity analysis
Three sensitivity analyses were conducted: (a) including poisonings recorded in ONS data that were not the primary cause of death but were involved in the death, (b) excluding individuals with less than one PY of follow-up time and (c) excluding five codes including the phrase 'injury and poisoning' (for example 'S…00 Injury and poisoning') as these may refer to another type of injury other than poisoning.
Results
The cohort consisted of 1 736 527 individuals contributing 7 209 529 PY of follow-up. Fifty-two per cent was female ( A total of 41 333 poisoning events were recorded from 31 509 cohort members. The IR for all poisonings was 559.4 per 100 000 PY, 95% CI: 554.0-564.9. Two-thirds (66%) of poisonings were intentional (IR 371.9 per 100 000 PY, 95% CI: 367.4-376.3), 8% unintentional (42.2 per 100 000 PY, 95% CI: 40.7-43.7) and 26% of undifferentiated intent (145.4 per 100 000 PY, 95% CI: 142.6-148.2).
Sex and age distribution
Both sexes exhibited different poisoning patterns by age (Pvalue for interaction term <0.001 for each poisoning intent) with females having twice the rate of total poisonings of males [adjusted incidence rate ratio IRR (aIRR) 2.13, 95% CI 2.07-2.18, Table 2 ]. Peak poisoning incidence was at age 15 in females and age 20 in males ( Supplementary Fig. S1 ). Females showed a steep increase in IRs from age 12 to 15 then a gradual decline to age 24. Males showed a gradual increase in IRs across the ages of 10-20 years before a slow decline to age 24.
Socio-economic variations
There was a strong socio-economic gradient in poisonings with higher IRs in the more deprived areas (Table 2) . Intentional poisoning risk doubled (aIRR 1.97, 95% CI: 1.85-2.09) and unintentional poisoning risk increased roughly 50% (aIRR 1.55, 95% CI: 1.31-1.83) for the most compared to least deprived areas. Table 2 ). There was a 52% increase in intentional poisoning rates (aIRR 1.52, 95% CI: 1.44-1.60) but no change in unintentional poisonings over this period.
Intentional poisonings increased among females over the period studied but remained static among males (Fig. 2 , Fig. 2 ), hence interactions between time and sex, age or IMD were not assessed. 
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Sensitivity analysis
Including ONS poisonings that were not the primary cause of death added 82 events to the total (41 unintentional and 41 other intent). This had little impact on IRs or any of the associations seen across any poisoning intent (Supplementary  Table S1 ). Excluding individuals contributing less than one PY from the cohort reduced the total poisoning rate from 559.4 per 100 000 PY (95% CI: 554.0-564.9) to 535.1 (95% CI: 529.7-540.6), but had little impact on associations seen across any of the poisoning intents (Supplementary  Table S2 ). Excluding poisoning codes containing the phrase 'injury or poisoning' reduced the total poisonings from 41 333 to 36 352, exclusively within undifferentiated intent poisonings. For total poisonings, the associations seen for sex, age group and deprivation were altered (Supplementary Table S3) but none of the rates or associations for intentional or unintentional poisonings changed.
Discussion
Main finding of this study
Using population-based linked primary care, hospitalization and mortality data, we have shown an increase of 52% in recorded medically attended intentional poisonings from 1998 to 2014 amongst young people. These increases have occurred almost exclusively among females across all ages from 10 to 24 years. The largest increase in incidence was among 16-18 year old females. We have demonstrated very different patterns in poisoning epidemiology according to intent and a doubling of the poisoning risk for the most compared to least deprived quintile, which persisted over time.
What is already known on this topic
Poisonings are among the most common causes of death for young people, 1,2 with those who have self-poisoned being at much greater risk of subsequent completed suicide than those who have not. 17 Adolescent poisoning rates are higher in females than males.
11,18-20 Poisonings among 10-14 year olds in the USA were shown to reduce from 1993-95 to 2000-04, 7 but increase in the UK among 15-19 year olds from 1987/88 to 1992/93 6 and 10-17 year olds between 1992 and 2012. 5 The existing literature examining this temporal relationship is, however, either out of date and based on single data sources [6] [7] [8] or likely to have significantly underestimated incidence. 5 Indeed most adolescent poisoning epidemiology studies to date have examined data from single hospitals or EDs 6, 7, 11, 12, [21] [22] [23] [24] [25] with few using national hospitalization, 8, 16, 17 poison centre, 26 or large primary care data sets including data on primary and secondary care service use. 5, 9 What this study adds This is one of the largest population-based studies to date examining adolescent poisoning epidemiology, while CPRD is broadly representative of the demographics of the UK population. 27 By including primary care, hospitalization and mortality data, this study will have captured many more medically attended poisonings than studies using single data sources. 10, 14 Our rates are consistently higher than those e6 JOURNAL OF PUBLIC HEALTH reported from solely primary care, 5 hospitalization 6, 7, 22, 28 or ED attendance data. 8, 29 We must consider whether the increase in intentional poisonings demonstrated is real or instead linked to changing coding practices or hospitalization thresholds. For example, The National Institute for Health and Care Excellence (NICE) issued guidance in 2004 suggesting all under-16s with a self-harm episode be admitted to hospital for further assessment. 30 Although this may partially explain the changes seen, our data do not show a step-change in IRs around 2004 and this would only apply to the 10-15 age group. Undifferentiated poisoning rates reduced over the period studied (results not shown) but to a much lesser degree than intentional poisonings and more so among males than females, suggesting that more precise coding practices can only be a partial explanation for our findings.
Much greater increases in intentional poisonings among females than males over time have also been shown from UK primary care data for 10-17 year olds in 1992-2012 5 and in attendances at one UK hospital for all self-harm, including but not limited to poisonings, among 12-24 year olds in 1990-2000.
11,31 Self-harm is still a problem amongst young males too however, with higher rates of suicide, 20 and fatal repetition of self-harm 18 among males than females, with previous self-harm among the strongest predictors of completed suicide. 32 The increase in intentional poisonings amongst females may be due to changing perceptions among clinicians differentially attributing intent according to gender, differences in pubertal stages between males and females combined with a period of particular neurodevelopmental vulnerability around this time, 20 or gender differences in dealing with distress with self-harm appearing more acceptable amongst girls as a coping mechanism whereas boys tend towards other problem or disruptive behaviours instead.
11
This study showed intentional poisonings amongst 10-15 year old females increase mainly between 2012 and 2014. Although this finding should be interpreted with caution, it may indicate a concerning new trend among younger adolescents. Including 10-24 year olds in this study, with the high incidence of poisonings around the age of transition between children's and adult mental health services demonstrated, highlights the need to pay specific attention to these young people in transition between services.
The static rate of unintentional poisonings shown is consistent with that demonstrated among 10-14 year olds between 1990 and 1999 from UK ED data 8 but contrary to the reduction among 10-17 year olds shown from primary care data alone between 1992 and 2012. 5 Our failure to show a significant downward trend may relate to the relatively small number of unintentional poisonings and a lack of statistical power to demonstrate such a change. The strong socio-economic gradient across all intents of poisoning demonstrated, with higher rates among those living in more deprived areas, is consistent with existing literature. 5, 33 This study has highlighted that future research should examine poisonings among young people according to different intents separately, as the epidemiology varies widely by intent. Further work examining poisoning substances at a population level is required to inform treatment and preventive strategies.
Limitations of this study
Despite using multiple data sources, we are still likely to have underestimated the burden of medically attended poisonings. In the UK, primary care data should include information on all ED attendances as attendance details are sent back to the patient's GP. However some episodes may have been coded as very non-specific events, such as 'seen in ED' and not identified by our code lists, while on rare occasions EDs may have failed to notify the patient's GP. The UK does not have poison centres for public access. We may have missed a small number of ONS recorded poisonings in 1998/99 and 1999/2000 as ICD-9 codes were being used to record deaths in those 2 years, whereas our data only included deaths recorded by ICD-10 codes. This would apply only to deaths not recorded in HES or CPRD. Based on the data from subsequent years, the numbers we may have missed are very small, estimated to be a maximum of 28 poisonings in total. Given the number of poisonings in our study, this is unlikely to have an important impact on our findings.
A further limitation is the difficulty ascertaining intent of some poisoning events during clinical encounters, due to patient embarrassment or unwillingness to disclose intent. Indeed 26% of poisonings were of undifferentiated intent, leading us to underestimate intentional and/or unintentional events. Substances of abuse may present a particular challenge in this regard. However, our intent classification was consistent across all substances by relying on the intent recorded at the time of presentation. Coding accuracy is a potential source of bias in all database studies as data were primarily recorded for clinical and administrative purposes. However, CPRD has been shown to be valid for a variety of different disease outcomes. 34 We were only able to examine socio-economic deprivation based on the IMD score for the postcode of a patient's GP practice, not their home address, and this may not always accurately represent individual households' deprivation level. Finally, due to the high power afforded by the large cohort and multiple significance tests, this may have allowed us to detect statistically significant differences that are of limited clinical importance.
Conclusions
Given the sharp increase in intentional poisonings among young people demonstrated, treatment and preventive services need to be designed to meet the needs of young people of both genders and be responsive to the changing epidemiology. Schools, youth services, GPs and parents are well placed to educate and support young people showing early signs of psychological distress. However awareness of the size of the problem, especially the increasing incidence among the youngest adolescents, needs to be improved, as it is very often underestimated. 35 
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